Background {#Sec1}
==========

An incisional hernia is an abdominal hernia that occurs at the site of a previous surgical incision through which access to the abdominal cavity has been obtained and is the result of a failure of abdominal wall closure. The incidence of incisional hernia following laparotomy is historically quoted as up to 20%. It is estimated that in Europe over 80,000 incisional hernias become symptomatic annually but there is a lack of consensus regarding their optimal management \[[@CR1]\]. Incisional hernias enlarge over time and can result in serious complications such as pain, bowel obstruction, strangulation and enterocutaneous fistula. Furthermore, the quality of life and chances of employment are reduced in patients suffering with an incisional hernia \[[@CR2]\].

Recurrence rates in the management of incisional hernia remain unacceptably high; reports as high as 33% after first repair and 44% after second repair \[[@CR3]\]. This has significant implications in terms of morbidity and socioeconomic cost. Recurrence rates are comparable for open and laparoscopic methods of repair \[[@CR1]\].

It is now accepted that only relatively small (less than 3 cm) incisional hernias should be repaired via primary tissue approximation with sutures alone \[[@CR4]\]. Open mesh techniques commonly used for larger hernias include the sublay (Rives-Stoppa) operation and the onlay (Chevrel) operation. The sublay technique has been reported to be more complicated and time consuming than the onlay repair but reports suggest a lower incidence of wound infection and seroma formation \[[@CR2]\]. Wound complications after onlay repair may more rapidly lead to mesh infection because of the close and unprotected contact of the mesh with the subcutis. Uncontrolled studies have however also shown a low incidence of wound complications with the onlay method \[[@CR4]\].

Laparoscopic repair is not always possible for large hernias. The size of the defect or the proximity of the defect to the costal margin or pelvis may render laparoscopic mesh placement difficult or unsuitable \[[@CR1], [@CR5]\]. Undertaking fascial closure prior to mesh placement is becoming more common place, with an emerging consensus that a hernia of up to 10 cm in diameter can be repaired using the laparoscopic technique \[[@CR6]\]. These techniques include the use of intraperitoneal onlay mesh (IPOM) using a specially designed composite material secured with either spiral tacks or sutures. This type of mesh has been designed specifically to ensure good tissue integration whilst minimizing the risk of visceral attachments.

Goodney et al., identified 83 studies comparing open and laparoscopic incisional hernia repair from a structured Medline search \[[@CR7]\]. This resulted in an overall comparison of 390 patients having open repair with 322 patients having laparoscopic repair. Perioperative complications and length of stay were reduced in the laparoscopic group. Frantzidees et al. identified 53 studies with a total of 5227 laparoscopic incisional hernia repairs; the rate of hernia recurrence was 3.98% \[[@CR5]\]. This result was mostly the product of specialty centers in which minimally invasive surgery is prominent; the authors concluded that the true recurrence rate is likely to be higher. One of the first prospective randomised trials comparing open and laparoscopic repair of incisional hernia concluded that laparoscopic repair is associated with fewer, albeit more severe, complications and may improve some patient-centered outcomes \[[@CR8]\].

Post-operative pain assessment has been examined as mesh-fixation with tacks is regarded as particularly painful. Reynvoet et al. demonstrated, upon examination of thirteen studies using either tack or suture fixation, that there was no real difference in pain score or recurrence \[[@CR9]\]. However, no strong conclusions can be drawn from what is very heterogeneous data. With any mesh-fixation technique, transfascial sutures or the use of tacks, there remains a risk of chronic pain due to nerve damage as well as mesh migration. Although the tensile strength of sutures has been shown to be greater, in a laparoscopic pig model, no fixation technique was shown to be superior \[[@CR10]\]. A randomised trial published in 2009 compared three fixation techniques; absorbable sutures with tacks, double crown technique with tacks only and non-absorbable sutures with tacks \[[@CR11]\] (Table [1](#Tab1){ref-type="table"}). The question here was whether sutures were better in combination with tacks or tacks alone, note that the fascial defect was not closed in any arm. No technique was found to be superior with the primary end-point being pain. Muysoms, in 2013, compared in a trial setting, spiral tacks using a double crown technique with transfasical sutures with a single crown technique, no fascial closure was attempted in this study with a leaning towards reduced recurrence with the double crown technique \[[@CR12]\].Table 1A summary table depicting the randomised controlled trials undertaken to date comparing differing mesh fixation techniques in laparoscopic incisional hernia repair using intraperitoneal (IPOM) meshAuthorYearNumberComparisonResultConclusionWassenaar et al. \[[@CR11]\]20101993 groups:\
 1) Absorbable sutures with tacks,\
 2) Double crown with tacks,\
 3) Nonabsorbable sutures with tacks\
No FASCIAL CLOSURENo difference with any groupMore tacks with DC group and it was quicker (*p* = 0.03)Muysoms et al. \[[@CR12]\]201376Double crown technique DC v sutures and single crown technique SCDC group operating time was shorter (*p* = 0.014), DC also had a reduced pain score at 4 weeks and at coughing (*p* = 0.028/*p* = 0.013), also at 3 months (*p* = 0.036)DC technique was quicker and provided less pain up to 3 months but there was no difference in recurrenceBansal et al. \[[@CR13]\]2012110Tack v suture fixationHigher cost with tacks (*P* \< 0.001). Suture fixation more cost effective than tacks\
Qol No differenceEarly post op pain preferredwith suture, but no other differences were notedNo difference in recurrence was shown in any study. No study included data following fascial closure. Studies comparing various mesh fixation techniques

The laparoscopic repair has been criticised for producing cosmetically worse results than the open repair. This is because the hernia sac is not excised and the defect not closed.

The method and choice of repair of incisional hernia remains one of ongoing debate. Key considerations in planning surgery include the size of the defect and its proximity to the costal margin and pelvis. Areas of interest in the debate include known post-operative complications, post-operative pain and rates of hernia recurrence. Additional considerations for the patient include that of cosmesis and post-surgery quality of life.

Rationale {#Sec2}
---------

To date no randomised controlled trial has compared the use of absorbable or non-absorbable tack fixation for laparoscopic incisional hernia repair after fascial closure. This prospective randomised controlled trial proposes to assess pain scores as a primary measure to determine whether absorbable tacks may provide a benefit in reducing the risk of immediate and long-term pain. Additional evaluation will see whether the risk of serious adverse events (SAE) is affected. This information is needed to provide evidence of the optimal method for surgeons and policy makers.

Methods {#Sec3}
=======

Study design {#Sec4}
------------

A prospective, single-centre, observer and patient blinded (double blinded), fixed design randomised trial.

Study setting and sponsorship {#Sec5}
-----------------------------

Manchester University Hospitals NHS Foundation Trust, within the National Health Service (NHS) in the United Kingdom (UK) is the trial sponsor and the trial will take place in the Manchester Royal Infirmary.

Objectives {#Sec6}
----------

### Primary objectives {#Sec7}

To compare pain measured at rest and at activity with a visual analogue scale (VAS) at day 30 post-operation incurred from using absorbable tack fixation versus non-absorbable tack fixation with a composite mesh for the repair of midline abdominal incisional hernia in adult patients.

### Secondary objectives {#Sec8}

To examine changes in pain using VAS at days 1 and 6, 30 days and one year post-operation at rest and activity.To detect the presence of intermittent hyperaesthesia, burning sensation and or jabbing pain in the abdominal wall.To compare whether the method of fixation for an IPOM repair has an effect on the following outcomes (complications will be classified according to the Clavien Dindo): Seroma formation at 30 days post operationLength of postoperative hospital stayOperating timeMesh fixation timeWound infection (SSI)Hernia recurrence at 1 yearTime to return to normal daily activity and workHealth related quality of life (QoL)Other adverse events

Study population {#Sec9}
----------------

### Inclusion criteria {#Sec10}

All adults undergoing elective incisional hernia repair for midline abdominal incisional hernia, with a defect of 3-10 cm in diameter.

Midline abdominal incisional hernia defined as any hernia that arises from a previous surgical incision in the anterior abdominal wall musculature providing that there is a minimum distance of 3 cm from the border of the defect to the costal margin or pelvis.

### Exclusion criteria {#Sec11}

Patients less than 18 years of age, or unable to give informed consentPatients over 80 years of ageClinically small incisional hernia \< 3 cm maximum diameterRecurrent incisional herniaEmergency procedures (for irreducible, strangulated or obstructed hernia)Procedure involving purulent inflammation (e.g. abscess); preoperative perforation of gastrointestinal, biliary or genitourinary tract; penetrating trauma \> 4 h old) or contaminated (Non-purulent inflammation; gross spillage from gastrointestinal tract; entry into biliary or genitourinary tract in the presence of infected bile or urine; major break in technique; penetrating trauma \< 4 h old; chronic open wounds to be grafted or covered) surgeryFailure to close the anterior rectus sheath intraoperativelyPregnancyPrisonersPatients with a Body Mass Index (BMI) \> 40 kg/m^2^Patients participating in any other study, whose concurrent participation in the TACK study might place them at undue risk or might confound the study data in the opinion of the chief investigators

Study process {#Sec12}
-------------

Following potential participant identification and recruitment from incisional hernia referrals in participating surgeons' out-patient clinics the potential participant will be sent information about the study. A Patient Information Sheet (PIS) will be given to the participant as soon as the decision has been made to list the patient for incisional hernia repair. In all cases, patients will be given sufficient time to consider the implications of their participation (minimum of one week). Written informed consent to participate in the study will be obtained preoperatively, at the same setting where (normal) consent for the intended surgical procedure is obtained \> 24 h prior to surgery, by the operating surgeon. Intraoperatively, the size of the hernia defect will be photographed next to a metric ruler as per the Surgeon's Instructions. Standardised post-operative care will be used in keeping with the Surgeon's Instructions. Pain assessments will be conducted at pre-operation then post operatively on days 1, 5--7, day 30 (primary end point) and 1 year.

Trial randomisation {#Sec13}
-------------------

There will be two arms to the trial (*n* = 136):Mesh placement with absorbable tack fixation.Mesh placement with non-absorbable tack fixation.

Participants will be allocated in sequence to a unique identification number and randomised to one of two groups i.e. receive either absorbable or non-absorbable tack fixation, stratified by defect size (3-6 cm or \> 6-10 cm). The participant randomisation procedure is shown below.

Patients who have given consent and are due to be operated on will be randomised by a sealed envelope randomisation.

The operating surgeon will select from the sealed envelopes the tack to be used for the TACKoMESH Trial on the morning of the patient's planned surgery to obtain the randomisation allocation to treatment. The patient's initials and date of birth will be entered into the randomisation allocation; a study number and the treatment allocation assigned to each patient. The study number and treatment allocation will automatically appear on the Study Randomisation Form. Following the appropriate procedure the completed online Study Randomisation Form will be printed by the operating surgeon, placed in a provided sealed envelope, and labelled as 'TACKoMESH - Study Randomisation Form and Incisional Hernia Repair Operation Note'.

Surgical technique {#Sec14}
------------------

All cases will be performed with a Consultant surgeon scrubbed throughout the entire case. Prophylactic antibiotics will be given at the time of the induction of anaesthesia. Pneumoperitoneum will be established according each surgeon's preferred method. Three ports will be used (2 × 11 mm and 1 × 5 mm).The fascial defect will be measured in cm when the adhesions have been dissected free with no pneumoperitoneum present.

Adhesiolysis will be carried out with intrabdominal pressure at 12-15 mmHg. Fascial closure will be achieved using a No 1 Loop Maxon at no more than 10 mmHg pressure (8--10 mmHg).

The Mesh used should be fixated with the choice of fixation device that the patient has been randomised to without the use of transfascial sutures ensuring that at least 3 cm cover has been achieved beyond the defect. The size of the mesh used will be also recorded and fixation will be applied at the edges of the fascial defect with the remaining tacks placed on the outer & inner rim (along the closure line) to secure the mesh and prevent folding; the double crown technique. The number of tacks used will be recorded.

In case of intra-operative contamination, the laparoscopic procedure may be abandoned and converted to open surgery.

The use of local anaesthetic (1% lidocaine or 0.25%/ 0.5% bupivicaine) infiltration is permitted and must be recorded on the CRF form. Skin closure using subcuticular 3.0 monocryl or skin staples ± skin glue cover is permitted and must be recorded on the CRF form. Wound dressings may be applied according to the surgeon's usual practice at the end of the procedure and must remain unchanged for 24 h unless there is a clinical indication for changing the dressing.

Blinding {#Sec15}
--------

In order to ensure continued blinding of the research team, once the surgical procedures have been completed, the Study Randomisation Form will be placed in a sealed and labeled envelope, and securely inserted into the patients' hospital notes. This may be opened in emergency if necessary to assist in the patient's continuing management, or if the patient returns to theatre should a re-operation be required. Theatre staff will be instructed not to divulge the patient's randomisation allocation to anyone.

Sample size {#Sec16}
-----------

Primary outcome: Pain score at rest and activity at day 30 recorded using visual analogue pain score (VAS) (0--10).

Previous studies indicate that a good approximation for the standard deviation (SD) in VAS is 2. With an alpha of 0.05, 80% power and 20% dropout, a sample size of 74 (37 per group) is sufficient to detect a difference of 1.5 between the groups.

There has been a suggestion that a rate of attrition of 20% is un-necessarily high for this group of patients, and we also consider whether the difference is achievable, therefore we recalculate the sample size considering these changes:

With a power of 80%, an alpha of 0.05, SD 2 and dropout of 5%, a sample size of 136 (68 per group) is sufficient to detect a difference of 1 between the groups.

No interim analysis will be undertaken therefore no adjustment is required in the sample size. This is a fixed design and no sample size re-estimation will be performed during the course of the study.

Outcomes {#Sec17}
--------

### Primary outcome {#Sec18}

Pain score at rest and activity at day 30 recorded using visual analogue pain score (VAS) (0-10 cm).

### Secondary outcomes {#Sec19}

Visual analogue pain score (VAS) pain score at days 1, 5--7, 30 days and 1 year post-operative. A preoperative VAS score will also be recordedSeroma formation (no fixed time point) (a seroma will be defined as any clinically apparent fluid collection at the site of mesh placement and classified as per the European Hernia Society classification system)The length of postoperative hospital stayThe time to return to normal daily activityWound infectionOperating timeMesh fixation time after adhesions have been taken down and fascia closedHernia recurrence at one year and at all time pointsHealth-related quality of life - assessed using the Short Form 36™ (pre-operatively, 30 days and 1 year), and the Carolinas Comfort Score™ (which is specifically designed for hernia repair) (at 30 days and 1 year).Adverse events.

Wound and pain assessments at all time-points will utilise a standardised proforma. These wound assessment tools will be pre-validated on patients undergoing any abdominal surgery in the unit for reproducibility and ease of use prior to full trial launch.

Statistical analysis {#Sec20}
--------------------

All analyses will be pre specified prior to data collection and conducted according to the intention-to-treat principle and presented in accord with CONSORT guidelines for the reporting of RCTs. All analyses will be conducted using R v3.0.2. All statistical tests will be 2-sided, and deemed to be statistically significant if *p* ≤ 0.05. The analyst will be blind to group allocation.

The primary outcome, VAS pain scores at day 30, will be explored via descriptive statistics and graphics. The scores in each of the groups will then be compared using an ANOVA with study group and defect size as factors. Secondary analyses will report all outcomes at each time-point using appropriate (parametric/non-parametric) descriptive statistics (frequencies \[%\] or mean/median \[standard deviation (SD)/interquartile ranges (IQR)\]) and graphics. The pre-operative variables will also be described via these methods.

VAS scores over time will be explored via a generalised linear model, using time, group and an interaction term as covariates. Operation time, mesh time, length of stay and time to return to normal daily activities will be compared between groups using descriptive statistics and independent t-test or Mann-Whitney U test as appropriate. Descriptive comparisons will also be made between the two defect size groups for each outcome. For secondary outcomes consideration for multiple testing will be included in the conclusions. Total numbers with any of seroma formation, wound infections or hernia recurrence at 30 days and 1 year will be reported with odds ratios.

Discussion {#Sec21}
==========

Symbotex™ Composite Mesh is specifically designed to incorporate a monofilament polyester mesh with an absorbable collagen film. The collagen film acts to prevent bowel adhesions and subsequent complications, such as fistula formation, and thus provides a mesh safe for intraperitoneal use \[[@CR10]\].

A current focus in the discussion on laparoscopic management of incisional hernia repair is the pain that patients experience after surgery. It is though that the tacks used to fixate the mesh are a contributing factor and many methods have been trialed to reduce the pain. TACKoMESH will attempt to determine whether the use of a more perpendicular fixation technique to the abdominal wall will help reduce the pain experienced by patients and hence enhance their recovery, which will inevitably reduce the amount of analgesia used in the post-operative period as well as the net benefit to the health of the economy.

All previous studies \[[@CR11]--[@CR13]\] have described the use of a non-articulating mesh fixation device. The Study uses a device with an articulating arm (ReliaTack™) and will therefore provide information on any possible variances in effect at operation; mesh fixation time and other intraoperative ergonomics. More importantly it will demonstrate whether a more perpendicular trajectory of tack to peritoneum will translate into less post-operative pain.

As no study to date has examined the effects of an articulating arm it is impossible to predict the outcome of the Study. Power calculations have taken many factors and permutations into consideration and a decision made that, to detect a difference of 1 between the two groups with a dropout rate of 5%, 136 patients will need to be randomized.

Secondary outcome measures were decided as per previous trials with the knowledge that seroma formation and classification \[[@CR11]--[@CR13]\] will be a necessary morbidity that requires documentation. This will be done as per a recently established classification system designed specifically for patients undergoing laparoscopic ventral hernia repair \[[@CR14]\].

To the authors knowledge this is the first randomized trial for laparoscopic incisional hernia that will involve fascial closure and although fixation with absorbable and non-absorbable tacks have already been compared, this will have the novel addition of one of the fixation devices having an articulating arm.

Thus, the use of ReliaTack™, as a one-of-a-kind mesh fixation device with articulating arm that can deploy spiral absorbable tacks in the TACKoMESH study aims to provide level one evidence on the safety, efficacy and ease of use of this product as well as its effects on post-operative pain and other clinical observations and outcomes.

In conclusion, TACKoMESH is a randomised controlled trial that will provide important information on the effects of repairing an incisional hernia after fascial closure with an IPOM mesh (Symbotex™ Composite Mesh). It will compare the use of an articulating, mesh-fixation device that deploys absorbable tacks with a straight-arm, mesh-fixation device that deploys non-absorbable tacks measured by pain at 30 days and an overall assessment of the safety and efficacy.
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Study data will be recorded on a purpose-designed online forms via the password protected TACKoMESH Trial website by members of the research team as appropriate. Participants will self-complete the SF-36 questionnaire and Carolinas Comfort Scale. The dataset will be encrypted using SSL. The SQL Server database will be stored on a restricted access, secure server. Forms will be tracked using a web-based trial management system. All data listings, except adverse events, for inclusion into the study report, will be subjected to sample quality control checks. Any data existing for patients, who withdraw voluntarily or are withdrawn from the study, will also be used in the study analysis. The inclusion of partial data will be documented in the final report. Persons authorised to collect, record and enter study data will be listed on the Site Delegation Log.

Data will be collected and stored in accordance with the Data Protection Act 1998. Paper based names, addresses and other personal identifiers will be stored separately from questionnaire and clinical data to prevent identification of research records. Access to the database will be permission based. Permissions will be allocated by the Trial Coordinator. Paper based anonymised study records will be stored in locked filing cabinets within a locked office. Electronic records will be stored in a SQL Server database, stored on a restricted access, secure server maintained by the Sealed Envelope™. Only members of the research team will have direct access to the study data. The Sponsor and regulatory authorities will have access to the data on request.

Following completion of the study data analysis, data and essential study records will be archived in a secure location, for at least 15 years after the end of the trial, in accordance with the Sponsor's standard operating procedure.

AS conceived, designed and directed the project. AS, SJA and AKS assistance in designing the study protocol. JJP Research fellow and primary assistant. AT and MB contributed to the writing of this manuscript. AS, SJA and PS contributed to the optimisation of the surgical technique to be performed. All authors read and approved the final manuscript.

Ethics approval and consent to participate {#FPar3}
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The full study protocol was peer reviewed by Mr. Andrew deBeaux, president of the British hernia society and consultant surgeon, Edinburgh Royal Infirmary as well as Mr. Andrew Macdonald, consultant Surgeon, Glasgow Royal Infirmary. TACKoMESH has ethics approval from the National Health Service Regional Ethics committee (Ref: 17/NW/0082). Results will be disseminated to healthcare professionals and presented at both local and international academic meetings and may be used to design other definitive trials based on evolving tack technology.

Chosen absorbable and non-absorbable tack fixation devices, will be used within their licensed indication, therefore this study does not require a Clinical Trials Authorisation from the MHRA. The study will be conducted in accordance with the Research Governance Framework for Health and Social Care, Second edition (2005). The study will be sponsored by Manchester University NHS Foundation Trust (MFT) and has been approved by the Local Manchester Research Ethics Committee, registered with the Health Research Authority (HRA) and the MFT R&D department (IRAS number 213428) (REC Ref: 17/NW/0082). The Sponsor (MFT) has drawn up an agreement with the CI regarding study responsibilities, which will be signed by the appropriate personnel.

The trial will be conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki, and that are consistent with good clinical practice. Any amendments to the protocol will be submitted to the REC as appropriate.

A Trial Steering Committee (TSC) and an independent Data Monitoring Committee (DMC) board will be convened. The first meeting of the TSC & DMC will consider the need for formal interim efficacy and/or safety analyses (including all study arms). A minimum of 20% data will be audited. The TSC & DMC will provide monitoring to assure the well-being of the patients on an ongoing basis and as such may recommend early termination of the study because of ethical or safety reasons. It will also serve as an independent data monitoring committee to review the results before establishing the final report.

The UK MFT may conduct site inspections and audits to ensure the study is being carried in line with the appropriate regulations, Trust policies and SOPs. All trial investigators will have to have undergone Good Clinical Practice (GCP) training prior to participating in the study.
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